Background--Basiliximab and anti-thymocyte globulin are widely used drugs for induction therapy after pediatric heart transplantation. The aim of this study was to determine whether any differences could be observed between basiliximab and anti-thymocyte globulin, with respect to long-term mortality, in a population of pediatric cardiac transplant recipients.
transplantation care, and possibly the introduction of new immunosuppression agents and protocols, have been associated with the decreased mortality of these children. 2 Longterm survival is still unsatisfactory, however, with cardiac allograft vasculopathy and graft failure being the leading causes of death. 1 Despite novel drugs and drug combinations, consensus on the optimal immunosuppressive regimen is lacking. 3 Induction treatment is immunosuppression that is initiated at high levels in the immediate post-transplant period, when the risk of graft rejection is the greatest. The goal is to minimize the frequency of acute rejections and allow for the delayed introduction of the nephrotoxic drugs, cyclosporine or tacrolimus. 4 Induction treatment is also indicated when complete corticosteroid avoidance is planned after heart transplantation. 3, 5 In contrast to the adult population, the use of induction therapy continues to rise among pediatric patients. Today, over 70% of pediatric patients receive induction treatment, comprising 47% antithymocyte globulin (ATG) and 25% interleukin-2 receptor (IL2-R) antagonists, such as basiliximab (BAS). 1 Studies in adult heart transplant populations have indicated that BAS, compared with ATG, is associated with lower incidence of infectious deaths and other drug-related adverse effects, and have failed to show unanimously that one drug has an advantage over the other in terms of rejections and patient survival. [6] [7] [8] [9] We have recently shown that induction treatment with ATG is associated with better long-term survival compared with BAS in adult heart transplantation.
BAS offers several potential benefits over ATG, including a more selective mode of immune-suppressive action, targeting specifically the T-cell receptor as opposed to generalized lymphopenia, and an adverse event profile comparable to placebo. 9 Although multiple induction protocols with either BAS or ATG have been used after pediatric cardiac transplantation, there is a scarcity of studies that have compared BAS and ATG with regard to long-term mortality. Because BAS could offer significant clinical advantages, we aimed to determine whether any differences could be observed between BAS and ATG, with respect to long-term mortality, in a population of pediatric cardiac transplant recipients.
Methods

Patient Population
Deidentified patient data from the United Network for Organ Sharing (UNOS) research database were extracted. UNOS data include US patients who received thoracic organ transplants reported to the organ procurement network. 
Outcome Measures
Our primary endpoint was all-cause cumulative mortality during the study period. Secondary outcomes included mortality attributable to graft failure (primary failure, rejection-hyperacute, acute or chronic, graft infection, recurrent disease, or nonspecific), cardiovascular causes (myocardial infarction, cardiac arrest, arterial embolism, ventricular failure, coronary artery disease, atherosclerosis, rhythm disorder, carditis, aortic aneurysm, or cardiogenic shock), infection, or malignancy. The imputation method was predictive mean matching. The number of iterations for each chain was 10 and the number of imputed data sets was 10.
Statistical Analysis
Results
The distribution of immunosuppression use over time is shown in Figure 1 . Data from 2311 pediatric heart transplants (2275 patients) were available for analysis. Six hundred ninety-nine transplants (685 patients) received BAS and 1612 transplants (1590 patients) ATG and they accrued 7818 patient-years of observation. Median follow-up time was 2.7 (range, 0-12) years. Mean recipient age was 6.9AE6.3 years and 48% were female. Demographic and clinical data from the patients who received BAS were compared with those who received ATG (Table 1) . Recipients receiving BAS were generally older (8.6 versus 6.1 years; P<0.001). Recipient weight and height (P<0.001 and <0.001, respectively), recipient diagnosis (P<0.001), and the proportion of patients in extracorporeal membrane oxygenation (ECMO; P=0.022) differed significantly between the groups. Patients receiving ATG had higher panel reactive antibody class I and II (9.5% versus 4.7%; P<0.001 and 10.6% versus 4.9%; P<0.001, respectively). Donors were older in the BAS group (P<0.001). Significant differences were also observed in donor weight and height (P<0.001 and <0.001, respectively), the proportion of donors with blood group A (P=0.025) and O (P=0.002), and in the proportion of donors with hypertension (P=0.002). Table 2 shows the use of maintenance immunosuppression therapy at discharge in the BAS and ATG groups.
Compared to the patients in the BAS group, patients treated with ATG were less likely to have received maintenance therapy with tacrolimus (TAC; P<0.001), mycophenolate mofetil (MMF; P<0.001), and were more likely to have received cyclosporine (CYA; P<0.001) or azathioprine (AZA; P<0.001).
For the entire study group the overall 30-day mortality was 3.8% (95% CI, 3.1-4.6%) and 1-year mortality 10.5% (95% CI, 9.3-11.8%). A total of 493 (21%) patients died during the follow-up. As illustrated in Figure 2 , patients treated with BAS had similar estimated survival compared with the ATG group at 30 days and at 1 year after transplantation (97% versus 96%; P=0.545, and 90% versus 89%; P=0.727, respectively). However at 5 and 10 years after transplantation, the use of BAS was associated with poorer long term survival (68% Qualitative data are expressed as n (%).ATG indicates anti-thymocyte globulin; AZA, azathioprine; BAS, basiliximab; CYA, cyclosporine; MMF, mycophenolate mofetil; N, number of transplants with nonmissing values; n, total number of transplants; TAC, tacrolimus.
versus 76% at 5 years; P<0.001, and 49% versus 65% at 10 years; P<0.001, respectively). As shown in Table 3 , this finding was confirmed in a univariable and multivariable Cox regression model. Patients treated with BAS (versus ATG use) had an increased mortality risk of 27% (HR of 1.27; 95% CI, 1.02-1.57; P<0.030). This main model incorporated 11 significant independent covariates and 2 time-varying covariates. We examined the cumulative incidence of death, based on specific causes of death in the BAS and ATG groups, censoring other causes of death. As illustrated in Figure 3A through 3D, BAS was associated with higher risk of death due to graft failure (P=0.013), but not death due to cardiovascular event (P=0.444), infection (P=0.095) or malignancy (P=0.392).
Subgroup analyses with interaction testing were performed to determine whether the increase in the HR for death (adjusting for the same covariates as in the main Cox regression model) after induction treatment with BAS was consistent across 18 clinical important subgroups. No significant interactions were observed except for one subgroup. As shown in Figure 4B , patients treated with BAS who did not receive corticosteroids had more than double the risk for death compared with those who received corticosteroids. Furthermore there was no interaction with any of the 11 UNOS geographic regions.
Discussion
This study has demonstrated that BAS is associated with higher long-term mortality compared with ATG after pediatric heart transplantation. The discrepancy in mortality appeared towards the end of the follow-up.
Approximately 30% of the patients in recent years received BAS in our study population. This rate is similar to the 25% rate, of those receiving any induction, in patients receiving interleukin-2 receptor antagonists reported by the Registry of the International Society for Heart and Lung Transplantation. 1 Our data also showed that the use of BAS has risen. In the unadjusted analysis, there was a marked separation between the survival curves and use of BAS, which was confirmed after multivariable adjustment. There was no interaction with any of the relevant clinical variables, suggesting that in no subgroup in particular would BAS use be preferred over ATG.
The exact mechanism of BAS is not known. BAS is a chimeric (mouse/human) monoclonal antibody that targets specifically the IL-2 receptor, which is expressed on activated T-cells in response to an antigenic stimulus. 16 This specific binding of BAS to the IL-2 receptor competitively inhibits the subsequent binding of interleukin-2, which signals T-cell proliferation. ATG binds to numerous receptors crucial during the T-cell activating cascade, leading to the elimination of T-cells from the circulation through complement dependent lysis. 17 It also inhibits B-cell differentiation and function. 18 The higher selectivity of BAS versus ATG, with regard to the immune system, is in line with one prospective randomized study in an adult heart population that showed lower incidence of adverse events by 6 months post-transplant. 8 BAS has also been shown to be tolerated with a similar safety profile to placebo in adult heart transplant recipients. 9 Findings from a previous smaller study of 29 patients suggested that BAS was well tolerated and associated with low incidence of rejection in a group of critically ill children undergoing heart transplantation. 19 Another study in pediatric heart transplantation reported that thymoglobulin versus no induction was associated with lower incidence of lymphoma, whereas IL2-R antagonists versus no induction was not associated with an increased lymphoma risk. 20 Several studies have suggested that ATG use in pediatric heart transplantation is effective in terms of rejection rate and safe in terms of infections and malignancy. [21] [22] [23] None of these studies, however, compared BAS with ATG. In our study, the distinct immunosuppressive mechanisms of the 2 drugs did not translate into differences in mortality related to potential drug-induced adverse effects (ie, cardiovascular disease, infection, or malignancy). We have previously shown a trend for a lower rate of malignancy in BAS-treated patients late after adult heart transplantation. 10 It is possible that the relative rareness of cancers in childhood stopped us from observing even large increases in risk. Acute early rejection is known to be a risk factor for mortality in pediatric heart transplantation. 1 Experience in adult heart transplantation has demonstrated an advantage of ATG, compared with BAS, in preventing early post-transplant rejection episodes. Carrier et al 7 reported that compared with patients receiving ATG, those receiving BAS showed a higher incidence of rejections at 6 months. Similarly Flaman et al 6 found that rabbit ATG, compared with BAS, provided better protection against acute cellular rejection within the first 3 months post-transplantation. Although we can only speculate on the immunological pathways, our study shows that BAS and ATG also seem to differ in their impact on chronic rejection. Interestingly, differences in mortality were found only for mortality related to graft failure, and not for the other causes of death. Also worth mentioning is the fact that Daclizumab, another IL2-R antagonist, was found to be associated with an increase in mortality in a randomized, double-blind, placebo-controlled trial, 24 and its production was discontinued for the US market in 2009 after a diminished market demand. 25 Our study was limited by its retrospective nature and the inherent limitations of using a public registry database, in which the completeness and accuracy of the information cannot readily be verified. Patients in the 2 groups were not randomized to receive the respective induction therapy; therefore, differences in baseline clinical characteristics and Figure 3 . Mortality probability curves by treatment group: (A) graft failure-related death (P=0.013, log-rank test); (B) cardiovascular-related death (P=0.444, log-rank test); (C) infection-related death (P=0.095, log-rank test); and (D) malignancy-related death (P=0.392, log-rank test). Figure 4 . A and B, Subgroup analyses of the primary endpoint of death from any cause. Squares represent the adjusted hazard ratio (HR) for the treatment effect, basiliximab (BAS) vs anti-thymocyte globulin (ATG) for different subgroups. Lines represent the 95% confidence intervals. The P value for interaction represents the likelihood of an interaction between the subgroup variable and the treatment effect. The overall effect included no interaction terms. The adjusted HR was calculated using the same covariate as presented in Table 3 . CMV indicates cytomegalovirus; GF, graft failure; MMF, mycophenolate mofetil; PRA, panel-reactive antibodies; Previously transplanted, previously kidney, liver, pancreas, pancreas islet cells, heart, lung, intestine, or/and bone marrow transplantation; VAD, ventricular assist device.
Subgroup
immunosuppression treatment may have influenced our results. We aimed to correct for these differences by performing a multivariable analysis that included a wide range of variables. Head-to-head drug comparisons are best performed in randomized, control trials. Although randomized, controlled trials eliminate bias and confounding, they may have limited generalizability and may be complemented by rigorous registry studies with greater power.
In conclusion, our results demonstrate that the use of BAS in pediatric transplantation is associated with higher longterm mortality, as compared with ATG. BAS use, compared with ATG use, increased the risk of chronic rejection, but no significant differences were noted for mortality potentially related to drug side effects, including cardiovascular disease, infection, and malignancy. 
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